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Abstract 
Utilizing the LCA matrix, we preliminarily analyzed whether wheat-maize rotation system was a carbon sink or a 
source based on long-term and large-scale straw return in Huantai county. The results indicated that the mode was a 
carbon source if we comprehensively considered agricultural materials production subsystem and farming subsystem 
together, with the quantity of net GHGs being -1075.71kgCO2e when producing 1 ton of wheat and maize. But if 
only farming system was considered, the averaged quantity of cropland carbon sequestration was +262.31 kgCO2e, 
which could offset the -222.99 kgCO2e carbon emission caused by fertilizes and agricultural machine. Therefore, 
through straw return and tillage system improvement, farming system might become the carbon sink in the future. 
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1. Introduction 
In the 1990s, American scholars made a comparative study on quantities of carbon stock and 
greenhouse gas (GHG) emission in China and USA’s agricu ltural ecosystems by using DNDC model and 
the database in 1990. One of the conclusions was that the net growth of agricultural land in U.S. was  
72.4TgC per year, while the annual loss of agricultural land in China was 73.8TgC, the main reason of 
which is the different processing mode of crop straws [1]. The result of their research gave rise to the 
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China’s emphasis on plant straw return. Now straw returning is widely carried out in  China. Moreover, 
ways of comprehensive utilization of straws are p romoted. However, according to the statistics released 
by U.S. EPA (Environmental Protection Agency), the quantities of greenhouse gas emission was 
469.8TgCO2e, among which agricu ltural emission accounted for 413.1TgCO2e as a baseline value. 
Greenhouse gas emission associated with fertilizer ut ilization was 30.7Tg, agriculture equipments 48.4Tg, 
farmland and grassland -22.4Tg. Obviously, farmland and grassland were greenhouse gas sinks in U.S.[2]. 
Then what’s the situation in China after 20 years’ implementation of plant straw return? Is China’s 
agricultural ecosystem a sink or source of greenhouse gas? Whether China’s agricultural ecosystem can 
be a greenhouse gas sink or not at p resent or in  the future is a question of great significance which worth 
our study considering the world’s intense attention on global warming. 
2. Object of study and research method 
2.1.  An introduction of Huantai County 
Huantai County is a county of Shandong Province, China. It is located at the foot of the northern slope 
of Taiyi Mountain and the lower reaches of the Yellow River. It lies at the south edge of Lubei Plain 
which is a part  of North China Plain. It has an area of 509.53 square kilometers from 117°50’ E to 
118°10’ E and 36°54’N to 37°04’N.  Due to its flatness and fertile grounds, agriculture has been growing 
steadily after Tangshan Town was turned into a high-yield town in 1989 and Huantai county became the 
first high-yield county in northern Yellow River area in 1990. In  2008, the average yield of wheat per Mu 
reached 523 kilograms out of 356,000 Mu (one Mu equals about 6.7 acre) o f wheat field and maize 639kg 
out of 360,000 Mu. Average yield per unit area for wheat kept at about 510 kg for 13 successive years 
and maize at 620 kg or so for 19 successive years. Field management in Huantai is characterized by 
widely use of chemical fertilizer and implementation of straw return. It is believed that analysis of 
whether greenhouse gas emissions was a carbon sink or source based on long-term and large-scale straw 
return under intensive wheat- maize rotation system in Huantai county bears great significance because 
Huantai county is one of the most representative agriculture areas in North China Plain. 
2.2.  Research Method 
Generally, crop production contributes to greenhouse gas emission in the following four ways. Firstly, 
when non-cropping lands are turned into plough land, it will lead  to the change of carbon stock in  the 
terrestrial ecosystems and the flux of important gases from soil to atmosphere. Secondly, the energies 
used to produce fertilizer and pesticide release greenhouse gas in the process of production. Thirdly, 
energies consumed by machinery or equipments during field management like sowing, p lowing, 
fertilizing, desinsectization and harvesting release greenhouse gas. Lastly, the agro-ecosystem itself is a 
greenhouse gas emitter too[3]. Usually, greenhouse gas released by production of fertilizer, pesticide is 
categorized as indirect g reenhouse gas emission. And those released in field management and by agro-
ecosystem are regarded as direct emissions. According to LCA (Life Cycle Assessment) methodology, 
the assessment of agricultural systems  should not only take into account the emissions released by 
production or use of agriculture supplies like chemicals or machinery but also emissions coming from 
their upstream industrial chains, which means assessment is undertaken along the life cycle of the 
considered system from exploitation of fossil fuels like coal, petroleum and natural gas etc[4]. Because 
LCA method can help avoid a narrow outlook and give a comprehensive picture of greenhouse gas 
emission released from crop production, the present paper will use this method to measure the quantity of 
net greenhouse gas emitted under intensive wheat-maize rotation system in Huantai County. 
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2.2.1 Definition of LCA and LCA of Agricultural Production System 
(1) Definition of LCA. 
LCA is a technique developed in 1960s for assessing the comprehensive environmental impacts of 
products, processes and activities from cradle-to-grave. It  is an important environmental management and 
ecological design tool. UNEP (United Nat ions Environment Programme) defines LCA as a technique to 
assess each and every impact associated with all the stages of a process from crad le-to-grave (i.e ., from 
raw materials through materials processing, manufacturing, distribution, use, repair and maintenance, and 
disposal or recycling)[5]. 
(2) LCA of Agricultural Production System 
Brentrup F and other foreign scholars [4] designed the “from cradle to table” LCA for assessing the 
agricultural production system[6]. Their system boundaries are from raw material ext raction to  agricu lture 
supplies production and crop production. But in fact, the boundaries of LCA in agricu lture production 
system can be further extended to downstream chains as shown in Figure 1. A comprehensive and 
accurate life cycle assessment of agriculture production system should be undertaken from assessing 
subsystems like energy system, agriculture supplies system, crop planting and processing system, 
transportation system to the final disposal system[6]. Due to insufficiency of literature that can be referred 
to and considering that the focus of this paper is  on agriculture supplies and crop production, this paper 
will focus mainly on analyzing the greenhouse gas emissions coming form the first three sub -systems. 
And the first two subsystems will be integrated into agricu lture supplies system. To  sum up, this paper 
will study the quantity of net greenhouse gas emissions for producing 1 ton of winter wheat and summer 
maize from ext raction of coal, petroleum and natural gas to other field -related activit ies or on-soil 
processes which will include ind irect GHG emissions from agriculture supplies system and direct 
emissions from crops production system. Obviously, this is from cradle to field assessment of net 
emission of GHG. 
emission of GHG.  

Fig. 1 Agricultural LCA scope and system boundary 
2.2.2 Greenhouse gas emission factor for agriculture supplies system 
Table 1 Input-output inventory of winter wheat -summer maize system in Huantai county   
Substance Unit Winter wheat Summer maize 
fertilizer 
N kg 40.38 30.84 
P2O5 kg 10.69 7.45 
Raw materials: 
Extraction, 
processing, 
transportation 
·  fossil fuels 
·  electricity 
·  natural gas 
Agriculture 
supplies: 
production, 
processing, 
transportation 
·fertilizer 
·pesticide 
·machinery& 
implement 
 
Crops 
production: 
·soil tillage 
·fertilizing 
·pest control 
·harvesting 
 
Manufacture
& 
distribution: 
·processing 
·packing & 
transport 
·  wholesale & 
retail 
·  consumption 
 
 
Waste 
disposal: 
·burning 
·burying 
·recycling
The first subsystem The second subsystem The third subsystem The fourth subsystem The fifth subsystem 
Secondary Industry Secondary Industry Secondary Industry 
and Tertiary Industry 
“Quartus Industry” Primary Industry  
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K2O kg 7.86 5.2 
irrigation water   m3 478.13 250.78 
electricity kwh 185.79 109.1 
diesel fuel   kg 8.71 7.06 
pesticides 
weed-killer g 85 185.76 
insecticide g 70 ˉ 
Grain output kg 1000 1000 
Note: irrigation water refers to groundwater drawn and the electricity consumed in drawing.  
Agriculture chemicals have been distilled. 
The statistics in Table 1 came from a tracking survey done by Huantai Experimental Station  from 
China Agricultural University (CAU). It shows the input for wheat and maize productions from 2007 to 
2009 in Huantai. And the data of greenhouse gas emission under each category will be calculated based 
on the following researches:  
(1) Most of the studies home and abroad on greenhouse gas emission from fert ilizer production are 
centered on nitrogenous fertilizer. West[7] worked out that the carbon emissions per ton of nitrogenous 
fertilizer in U.S. was 0.8141t, and Lal[8] figured out that greenhouse gas emissions released from the 
production, packaging, storage and transportation of fertilizers reached 0.9̚1.8t C·tN-1. Chinese scholar 
Hu Zhiyuan[9] made a life cycle assessment of N, P2O5, K2O production and diesel oil along the whole 
process from fossil raw materials extraction to entering agriculture system by using Greet Model from the 
United States and statistics from National Bureau of Statistics of China. The present research uses the 
results from Hu’s research.  
(2) As for studies on greenhouse gas emissions from electricity production, Pan Ziq iang[10]  analyzed 
GHG emissions for generating electricity under different power p lants by using LCA method. The 
Greenhouse Gas Emission Factors (GGEF) in d ifferent power chains were calculated, which revea led that 
greenhouse gas emission for coal power chain was 355.4gCe· kWh, hydroelectric power chain was 
66.3gCe· kWh, and nuclear power chain was 3.74 gCe· kWh. Di Xianghua[11] analyzed data from China 
Energy Statistical Yearbook 2002 and worked out that CO2 and CH4 emissions for thermal power chain 
was 1.07 kg/kWh and 2.60×10-3 kg/kWh respectively. Considering the fact that Huantai mainly uses 
thermal electricity in its agriculture production and energy consumption in production of electricity and 
greenhouse gas emissions were reduced continuously, this paper analyzed data from CHINA 
STATISTICS YEARBOOK 2006 and worked out that energy consumption of thermal electricity was 
0.356kgtec/kWh in 2006 and CO2, CH4 and N2O emissions were 948.483 g/kWh, 0.011 g/kWh and 
0.010g/kWh respectively.  
(3) There has been no research report about GHG emissions from pesticide production in China so far. 
This paper estimates that the number is 18000g CO2e/kg for d istilled pesticide based on the document-
Effluent Standard of Pollutants for Organic Phosphate Pesticides Industry released by Ministry of 
Environmental Protection of China in 2008.  
2.2.3 Greenhouse Gas Emission from Crop Production System and Carbon Sequestration Modulus 
(1) One source of greenhouse gas in crop production system is the mechanical energy and fuel 
consumption during the process of plowing, sowing, fertilizing and harvesting. LCA requires to take 
GHG emissions from production and utilization of agriculture machinery  into account by calculating 
period of depreciation of the machines. But we lack data in this respect, so we just consider greenhouse 
gas emissions coming from mechanical fuel production and burning.       
(2) The Nitrification  and Denitrification process which produces N2O is another source of greenhouse 
gas emission. IPCC (Intergovernmental Panel on Climate Change) put forward that the quantity of N2O-
N emitted by agriculture production system are 1.25% of the total quantity of nitrogen fertilizers input to 
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the field. Th is percentage, however, was  questioned by many researches as being too high. Zeng 
Jianghai’s [12] research shows that N2O emitted by fields that have been fertilized with carbamide occupies 
0.54% of the total quantity of nitrogen fertilizer  input. Scholar Zheng’s [13] research reveals that the 
average quantities of N2O emissions in northeast, north and south agricultural areas are 0.0101, 0.00483 
and 0.0119 respectively. Pan Zhiyong’s [14] field experiments in Huantai show that the amount of N2O 
emissions are 0.21%-1.26% of the quantities of n itrogen fert ilizer used with d ifferent treatment of 
nitrogen application and straw-return. He finds that N2O emissions hit the lowest point under straw return 
plus high-nitrogen application. Zhang Yuming’s experiments in Luan City, Heibei province,  show that 
the amount of N2O emissions are 0.57% -0.81% of the fertilizer input under the local wheat-maize 
rotation mode with 400kg of nitrogen fertilizer input. This paper will take Huantai as an experimenting 
area because Huantai is famous for its crop straw return and high fertilizer input. And proportion of 
summer wheat and winter maize N2O emissions from nitrogen fert ilizer is set between 0.6% and 0.7% 
based on the above discussion.  
 (3) One of the most distinctive differences between agricu lture crop production system and other 
system is that it can  offset all or part of the greenhouse gas emissions through carbon sequestration while 
emitting greenhouse gases at the same t ime. Agriculture crop production system sequesters carbon 
through two ways. One is increasing soil organic matter to sequester soil carbon and another is turning 
carbon dioxide into organic compounds of the crops through photosynthesis and then returning the straws 
to the soil to realize carbon sequestration. There are many researches in China about farmland carbon 
sequestration. Han Bin[16] states that the nation-wide average carbon sequestration rate for each unit area 
reaches 380.78kg·hm-2· a-1. Chen Dongdong[18-19] analyzed 22 years’ statistics of Luan City and found 
that[17] after Luan City carried out straw return, the carbon sequestration value was between 1009 to 
3549kg· C·hm-2·  a-1 under wheat-maize rotation mode taking the carbon sequestration of grain into 
account. Liu Guangdong and Bao Yonghong analyzed 12 years’ statistics of straw return in Huantai and 
their finding was that the average CO2 absorption amount was 1984.88 kg·hm-2· a-1 under the wheat-
maize rotation mode, namely one ton of maize and wheat can absorb 262.31kg of CO 2 . The present 
study uses the result of Liu and Bao’s research.  
3. Analyses and Results 
3.1. Preliminary Conclusions 
Base on what we have discussed above about greenhouse gas emissions under different systems and 
carbon sequestration coefficients, we have worked out a list of sink and source of greenhouse gas under 
winter wheat-summer maize system with straw returning in table 2. The result shows: The total amount of 
net greenhouse gas emissions is -1075.71kg for p roducing one ton of wheat and maize grain in North 
China Plain assessed from fossil raw materials extraction to grain’ s leav ing the fields. The negative value 
implies that it  is a  GHG source. As for the agricu lture crop production system, it  is a  potential sink 
because the carbon sequestered in the soil can offset the greenhouse gas emitted from the  nitrification and 
denitrification process as well as some of the GHG emissions from mechanical fuel burning.  
Table 2 The GHGs inventory of winter wheat-summer maize system in Huantai county                               Unit: CO2eq kg/t  
                                                                                                               
 Winter wheat Summer maize  
Sink/Source Material 
system 
Farming 
system 
Material 
system 
Farming 
system Total 
fertilizer ˉ435.4 ˉ ˉ330.65 ˉ ˉ766.05 
electricity ˉ176.92 ˉ ˉ103.89 ˉ ˉ280.81 
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diesel fuel ˉ6.46 ˉ27.8 ˉ5.24 ˉ22.53 ˉ62.03 
pesticide ˉ2.79 ˉ ˉ3.35 ˉ ˉ6.14 
Nitrification and 
Denitrification ˉ ˉ117.92 ˉ ˉ105.07 ˉ222.99 
Field carbon 
sequestration ˉ ˇ122.35 ˉ ˇ139.96 ˇ262.31 
Net emissions ˉ621.57 ˉ23.37 ˉ443.13 ˇ12.36 ˉ1075.71 
Note˖Negative value means emission of GHG and the system can be regarded as GHG source. Positive value means absorption 
of GHG and the system can be regarded as GHG sink.  
3.2.  Discussion 
3.2.1 Material system 
Material system is an indirect greenhouse gas emitter, which actually should be counted as industrial 
emissions. Table 2 shows that fertilizers and electricity are two largest sources of greenhouse gas 
emissions. Domestic and overseas researches [8-9ǃ20]  have shown that the amount of greenhouse gas 
emissions is 4-7kg for producing 1kg of nitrogen fertilizer in U.S. and European counties, while in China, 
the number is 6-13kg. This number would be even higher if a complete life cycle assessment were applied. 
Two factors account for China’s high number for greenhouse gas emissions for producing nitrogen 
fertilizer. The first factor is the high energy consumption of the fertilizer p roduction industry. The other 
one has something to do with China’s resource structure, which is rich in coal, lack of petroleum and 
short of natural gas. The world general energy consumption for producing synthetic ammonia which takes 
natural gases as raw materials is 29.3GJ·t-1. However, in China, the lowest energy consumption for 
producing synthetic ammonia taking coal as raw material is 51GJ·t-1. The average energy consumption in 
China reaches 61.9GJ·t-1. In  a word, both subjective reason and external reason contribute to fert ilizer 
production becoming a greenhouse gas emitter[21].   
As fertilizer production relies much on coal, coal fired electricity occupies 85% of the total electricity 
produced in China[22]. The greenhouse gas emission from thermal power is between  707.73 and 
1302.3gCO2e/kWh in  China now[9-10]. And for a very  long time in the future, coal-fired  electricity will 
still occupy the main part . On the other hand, although 10% of food production comes out of North China 
Plain with only  1.7% of water resources, which secures its important role in China’s food safety, an 
undeniable and unavoidable fact is that the underground water level has been lowered sharply due to over 
pump of underground water. The water used in agriculture production in the area mainly comes from 
underground water and the wheat-maize rotation planting is usually irrigated 7-11 t imes a year with 675
ˉ750m3/ha-1 o f water every time. Due to the sharp decline of underground water level, electricity 
consumed in  drawing underground water has been increased to 0.45-0.55 kWh/m3 from 0.08-0.1kWh/m3 
in 1970s, which then causes huge amounts of greenhouse gas emissions from electricity in food 
production[17]. Chemical lines and power industry which rely  too much on coal will face great pressure on 
energy-saving and emission-reduction. It’s no  doubt that greenhouse gas emissions in  agricu lture 
production can be reduced by inputting less fertilizers and electricity and through irrat ional fert ilizer 
application and appropriate and efficient irrigation.      
3.2.2 Farming system 
The present study shows that North China Plain is a sink of greenhouse gas emission if we do not 
consider gases like N2O. But after taking N2O, CH4 emitted by agriculture ecosystem and mechanical 
fuel burning into account, we can not determine whether the farming system is a sink or source of GHG 
emissions. Statistics in table 2 reveal that carbon sequestration after long-term straw returning in the 
wheat-maize rotation system can basically offset the greenhouse gases emitted by fuel and denitrificat ion. 
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And emission from wheat production is -23.73CO2e while maize production is +12.36CO2e, so wheat 
producing process can be regarded as source of GHG emissions and maize producing process sink of 
GHG emissions. Many researches [12-15ǃ21ǃ23] have shown that greenhouse gas emissions can be reduced 
by reducing the amount of nitrogen fertilizer used, applying organic fertilizers and inorganic fertilizers 
coordinately, controlling and slowing down release of fert ilizers and irrigating fields reasonably etc. This 
means that it  is feasible to turn the farming  systems such as Huantai in  China North  P lain  into GHG s ink 
by controlling irrigation and fertilizer application after wide-implementation of straw return ing. If an 
effective farming mode or system can be brought forth based on the results of the mass researches and 
popularized  all over the country, then the wheat-maize rotation area in China North Plain will be 
considered and stressed in our national development planning program for its importance in energy -
saving and emission-reduction.       
4. Limitations and Future Directions 
(1) The amount of greenhouse gas emissions is calcu lated based on the statistics from yearbooks of 
different industries and some results of domestic LCA researches. Since it happens quite often that 
statistics may contradict against each other and researches using LCA are still limited and not mature 
because LCA entered into the research field in China only  a decade or so, statistics of the material system 
can only reflect the general situation. There may be d iscrepancies between the true value and the statistics 
in this paper.  
(2) Accuracy of the cropland carbon sequestration value and quantities of various greenhouse gases 
emissions especially  N2O emissions is very important because it determines whether a farming  system is 
a sink or a source. Th is paper gets these two values from the ten-year tracking  study done on this area by 
Huantai Experimental Stat ion of China Agricultural University, so they are reliab le with h igh accuracy. 
These numbers reflect the reality and future trends in China North Plain, but further researches are needed 
if we want to know the situation of other regions and under other planting modes.  
(3) Agricu lture system is an open system which is subject to external influence. Agriculture inputs 
include water resource, fert ilizers, electricity, machinery and pesticides etc. Many researches reveal other 
serious problems in our country’s agriculture development like water pollution and high soil toxicity. 
Therefore, when we devote major efforts to developing low-carbon economy and agriculture, we should, 
at the same time, pay great attention to other factors that affect the development of agriculture so as to 
establish a true Eco-agriculture system in our country. 
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